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(54) Wafer polishing device with moveable window 


(57) A wafer polishing device with movable window 
can be used for in-situ monitoring of a wafer during CMP 
processing. During most ol the CMP operation, the win- 
dow remains below a polishing surface of a polishing 
device to protect the window from the deleterious effects 
of the polishing process. When the window moves into 
position between the wafer and a measurement sensor, 
the window is moved closer to the polishing surface. In 


this position, at least some polishing agent collected in 
the recess above the window is removed, and an in-situ 
measurement can be taken with reduced interference 
from the polishing agent. After the window is positioned 
away from the water and measurement sensor, the win- 
dow moves farther away from the wafer and polishing 
surface. With such a movable window, the limitations of 
current polishing devices are overcome. 
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Description 
Background 

[0001] Chemical-mechanical polishing (CMP) is a 
well-known technique for removing materials on a sem- 
iconductor wafer using a polishing device and a polish- 
ing agent The mechanical movement of the polishing 
device relative to the waf e in combination with the chem- 
ical reaction of the polishing agent provide an abrasive 
force with chemical erosion to planarize the exposed 
surface of the wafer or a layer formed on the wafer. Ro- 
tating, orbital and linear polishers are three types of 
tools that can be used in the CMP process. With a ro- 
tating polisher, a rotating wafer holder supports a wafer, 
and a polishing pad on a moving platen rotates relative 
to the wafer surface. In contrast, the platen of an orbital 
polisher orbits as opposed to rotates during polishing. 
With a linear polisher, a flexible belt moves a polishing 
pad linearly across a wafer surface, providing a more 
uniform velocity profile across the surface of the wafer 
as compared to rotating or orbital polishers. 
[0002] CMP polishers can incorporate various in -situ 
monitoring techniques to monitor the polished surface 
of the wafer to determine the end point of the polishing 
process. U.S. Patent No. 5,433,651 and European Pat- 
ent Application No. EP 0 738 561 A1 describe rotating 
polishers that are designed for in-situ monitoring. In the 
*651 patent, a rotating polishing platen has a fixed win- 
dow, which is flush with the platen but not with the pol- 
ishing pad on the platen. As the platen rotates, the win- 
dow passes over an in-situ monitor, which takes a re- 
flectance measurement indicative of the end point of the 
polishing process. Because the top surface of the win- 
dow is below the top surface of the polishing pad, pol- 
ishing agent collects in the recess above the window, 
adversely affecting the measurement by scattering light 
traveling through the window. 

[0003] European Patent Application No. EP 0 738561 
A1 discloses a rotating polishing platen with a fixed win- 
dow, which : unlike the one in the '651 patent, is substan- 
tially flush with or formed from the polishing pad. Be- 
cause the top surface of the window is in the same plane 
as the top surface of the polishing pad during the entire 
polishing process, the optical transparency of the win- 
dow can be damaged when the wafer slides over the 
window and when pad conditioners cut small groves 
across the polishing pad. Since the window is not re- 
placeable, once the window is damaged, the entire pad- 
window polishing device must be replaced even if the 
polishing pad itself does not need to be replaced. 
[0004] There is a need, therefore, for an improved wa- 
fer polishing device that will overcome the problems de- 
scribed above. 

Summary 

[0005] The present invention is defined by the follow- 


ing claims, and nothing in this section should be taken 
as a limitation on those claims. 

[0006] By way of introduction, the preferred embodi- 
ments described below include a polishing device that 
s can be used for in-situ monitoring of a wafer during CMP 
processing. Unlike polishing devices that contain fixed 
windows, the polishing devices of these preferred em- 
bodiments contain a movable window. During most of 
the CMP operation, the window remains in a. position 
away from the polishing surface of the polishing device 
to protect the window from the deleterious effects of the 
polishing process. When the polishing device positions 
the window between the wafer and a measurement sen- 
sor, the window moves to a position closer to the polish- 
ing surface of the polishing device. In this position, at 
least some polishing agent collected in the recess be- 
tween the window and polishing surface is removed, 
and an in-situ measurement can be taken with reduced 
interference. After the polishing device positions the 
window away from the wafer and measurement sensor, 
the window returns to a position farther away from the 
polishing surface of the polishing device. 
[0007] The preferred embodiments will now be de- 
scribed with reference to the attached drawings. 

Brief Description of the Drawings 

[0008] Figure 1 is an illustration of a polishing device 
of a preferred embodiment with a movable window in a 
first position 

[0009] Figure 2 is an illustration of a polishing device 
of a preferred embodiment with a movable window in a 
position closer to a polishing surface of the polishing de- 
vice. 

[0010] Figure 3 is an illustration of a polishing device 
of a preferred embodiment comprising a single-piece 
flexible window. 

[0011] Figure 4 is an illustration of a polishing device 
ofa preferred embodiment comprising a flat-sheet flexi- 
ble window. 

[0012] Figure 5 is an illustration of a polishing device 
of a preferred embodiment comprising a sliding window. 
[0013] Figure 6 is an illustration of a polishing device 
of a preferred embodiment comprisin a bellows window. 
[0014] Figure 7 is an illustration of a polishing device 
of a preferred embodiment in which a window displace- 
ment mechanism is disposed over a measurement sen- 
sor. 

[0015] Figure 8 is an illustration ofa polishing device 
ofa preferred embodiment in which a magnet and a set 
of conductors are operative to move a window from a 
first to a second position. 

[0016] Figure 9 is an illustration of a polishing device 
of a preferred embodiment in which a movable window 
is drawn towards a window displacement mechanism. 
[0017] Figure 10 is an illustration of a polishing device 
of a preferred embodiment in which a movable window 
is moved closer to a polishing surface when the window 
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is positioned away from a window displacement mech- 
anism. 

[0018] Figure 11 is an illustration of a linear polishing 
tool of a preferred embodiment. 

[0019] Figure 12 is an illustration of a rotating polish- s 
ing tool of a preferred embodiment. 

Detailed Description of the Presently Preferred 
Embodiments 

10 

[0020] Turning now to the drawings, Figures 1 and 2 
illustrate a polishing device 100 of a preferred embodi- 
ment that can be used for in-situ monitoring of a wafer 
during CMP processing. As shown in these figures, a - 
polishing device 100 comprises an opening, which is is 
filled by a window 110 affixed to the polishing device 1 00 
by a flexible diaphragm 120. Located above the polish- 
ing device 100 is a wafer 140 undergoing CMP, and lo- 
cated below the polishing device 100 is a measurement 
sensor 1 30 for performing in-situ monitoring of the wafer 20 
140 during CMP. For simplicity, the term "polishing de- 
vice" in this specification and the following claims is in- 
tended broadly to encompass any device capable of 
performing CMP processing on a semiconductor wafer. 
A "polishing device" comprises a polishing surface, 2s 
which is typically a polishing pad integrated with or af- 
fixed to the top of a polishing device subassembly. Pol- 
ishing devices include, but are not limited to, a polishing 
pad and belt used in a linear polisher, a polishing pad 
and movable platen used in a rotating polisher and a 30 
polishing pad and movable platen used in an orbital pol- 
isher. 

[0021] Unlike conventional polishing devices that 
contain fixed windows for in-situ monitoring, the polish- 
ing device 100 of figures 1 and 2 comprises a window, 35 
110 that is movable from a first position to a second po- 
sition. During some or most of the polishing process, the 
window 110 is positioned away from the wafer 140 and 
the polishing surface of the polishing device 1 00 (Figure 
1 ). At or before the time when the polishing device 100 *o 
positions the window 1 1 0 at a measurement location be- 
tween the wafer 140 and the measurement sensor 130, . 
the window 1 10 is moved to a position closer to the pol- 
ishing surface of the polishing device 100 (Figure 2). It 
is preferred that the top surface of the window 110 be 45 
substantially flush with the top surface of the polishing 
device 100 when the window 110 is in the second posi- 
tion. With the window 110 moved to a position closer to 
the polishing surface ofthe polishing device 100, the 
measurement sensor 1 30 takes a measurement of the 50 
surface of the wafer 1 40 through the window 110. After 
the polishing device 1 00 moves the window 110 away 
from the measurement location the window 110 is re- 
turned to a position farther away from the polishing sur- 
face of the polishing device 1 00. 55 
[0022] Because the polishing device 100 has a mov- 
able window 1 1 0, the problems associated with the prior 
art are overcome. Specifically, because the window 110 


806 A2 4 

is below the polishing surface of the polishing device 
100 for some or most of the CMP process, the window 
1 1 0 is not damaged by the deleterious effects of the pol- 
ishing process. By being below the polishing surface of 
the polishing device 1 00, the optical transparency of the 
window 110 is not damaged by conditioners that cut 
small grooves across the polishing surface during CMP 
to enhance the polishing operation. Further, because 
the window 110 moves closer to the polishing surface 
when a wafer measurement it taken, at least some pol- 
ishing agent collected in the recess between the window 
110 and polishing surface is removed, and an in-situ 
measurement can be taken with reduced interference. 
Additionally, in contrast to the fixed windows of prior art 
polishing devices, the window 110 of this preferred em- 
bodiment is easily replaceable. Since the window is eas- 
ily replaceable, it alone, instead of the entire polishing 
device, can be replaced when the optical transparency 
of the window deteriorates. 

[0023] In the preferred embodiment shown in Figures 
1 and 2, the window 110 is movably mounted to the pol- 
ishing device by a flexible diaphragm 120. Preferably, 
the window 110 is made from urethane It is important to 
note that a single urethane (preferably aromatic or 
aliphatic) or a combination of urethanes can be used.Jt 
is preferred that the window 110 have an area of about 
1 to 100 cm 2 , a thickness of about 0.002 to 0.050 inches 
(most preferably about 0.010 to 0.015 inches), a hard- 
ness of about 25 Shore A to 75 Shore D (most preferably 
about 45 Shore D), and high optical transmission for ul- 
traviolet and infrared light (about 200 to 1200 nm, most 
preferably about 300 to 800 nm). It is preferred that the 
first surface of the window be coated with a slurry-phobic 
material, such asasilicone, lyophilic or hydrophobic ma- 
terial. 

[0024] The flexible diaphragm 1 20 is made preferably 
from a latex or natural rubber, although any other mate- 
rial that provides enough lift to remove polishing agent 
from the recess above the window 110 can be used. It 
is preferred that the flexible diaphragm 1 20 have an area 
of about 1 to 100 cm 2 (most preferably about 25 cm 2 ) 
and a thickness of about 0.001 to 0.040 inches (most 
preferably about 0.008 inches). Preferably, a hole is 
made in the flexible diaphragm 1 20 about the size of the 
window 110, and the edges of the window 110 are af- 
fixed to the flexible diaphragm 120 using about a 0.001 
to 0.020 inch-thick layer (most preferably a 0.005 inch- 
thick layer) of urethane epoxy. The flexible diaphragm/ 
window component then can be affixed to the polishing 
device using any suitable glue. In the polishing device 
shown in Figures 1 and 2, the flexible diaphragm 120 is 
glued into a recess in the polishing device 100. 
[0025] As an alternative to the configuration shown in 
Figures 1 and 2, a single-piece window 300 (Figure 3) 
with the appropriate optical and flexibility characteristics 
can be used. It is preferred that the single-piece window 
300 be made of urethane and have high optical trans- 
mission for ultraviolet and infrared light (about 200 to 
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1200 nm : most preferably about 300 to 800 nm). It is 
further preferred that the center ofthe single-piece win- 
dow 300 have a thickness of about 0.002 to 0.050 inches 
(most preferably about 0.010 to 0 01 5 inches) and that 
the edge flange of the single-piece window 300 have a 
thickness of about 0.001 to 0.040 inches (most prefer- 
ably about 0.006 inches). In operation, when positioned 
under the wafer, the single-piece window 300 flexes to- 
ward the polishing surface of the polishing device, and 
a measurement sensor takes a measurement of the sur- 
face of the wafer through the single-piece window 300. 
After the polishing device moves the single-piece win- 
dow 300 away from the measurement location, the sin- 
gle-piece window 300 returns to a position farther away 
from the polishing surface of the polishing device. 
[0026] I n another alternative, shown in Figure 4, a flat- 
sheet window 400 is used. It is preferred that the flat- 
sheet window 400 be made of urethane, have high op- 
tical transmission for ultraviolet and infrared light (about 
200 to 1200 nm, most preferably about 300 to 800 nm), 
and have a thickness of about 0.002 to 0.050 inches 
(most preferably about 0.010 inches). In operation, 
when positioned under the wafer, the flat-sheet window 
400 flexes toward the polishing surface of the polishing 
device, and a measurement sensor takes a measure- 
ment of the surface of the wafer through the flat -sheet 
window 400. After the polishing device moves the flat- 
sheet window 400 away from the measurement loca- 
tion, the flat-sheet window 400 returns to a position far- 
ther away from the polishing surface of the polishing de- 
vice. 

[0027] Figure 5 illustrates another alternative in which 
a sliding window 500 is used. When positioned under 
the wafer, the sliding window 500 slides closer to the 
polishing surface of the polishing device. After the pol- 
ishing device moves the sliding window 500 away from 
the measurement location, the sliding window 500 
slides back to a position farther away from the polishing 
surface of the polishing device. In the embodiment 
shown in Figure 5, the polishing device is shaped to re- 
tain the sliding window 500 as it slides closer to and far- 
ther away from the polishing surface of the polishing de- 
vice. 

[0028] Figure 6 illustrates another preferred embodi- 
ment in which a bellows window 600 is employed. When 
the bellows window 600 moves into a measurement lo- 
cation under the wafer, the bellows window 600 extends 
closer to the polishing surface of the polishing device. 
When the bellows window 600 moves away from the 
measurement location, it returns to a position farther 
away from the polishing surface of the polishing device. 
[0029] It is important to note that the above-described 
windows are only a few of the many forms that can be 
used and that any window construction that allows the 
window to move closer to the polishing surface is en- 
compassed by this invention. Further, any window size 
or shape can be used. It is preferred, however, that, 
When the window is not moved closer to the polishing 


surface, the window be positioned below the grooves 
created by a polishing-device conditioner (In a polishing 
pad with a thickness of 50 mils, the grooves are typically 
20 mils thick.) 

5 [0030] The window can be moved from the first to the 
second position with any suitable means. In one pre- 
ferred embodiment (shown in Figure 7), a window dis- 
placement mechanism 710 is positioned beneath the 
polishing device 740 near the measurement sensor 720. 

io As shown in Figure 7, the window displacement mech- 
anism 710 is positioned above the measurement sensor 
720 and contains an opening through which the meas- 
urement sensor 720 can monitor the wafer 730. Alter- 
natively, the measurement sensor 720 can be posi- 

1^ tioned above or adjacent to the window displacement 
mechanism 710. Of course, other arrangements are 
possible. When the polishing device 740 positions the 
window 750 over the window displacement mechanism 
710, the window displacement mechanism 710 moves 

20 the window 750 closer to the polishing surface of the 
polishing device 740. After the polishing device 740 po- 
sitions the window 750 away from the window displace- 
ment mechanism 71 0 : the resilient nature of the dia- 
phragm or window causes the window 750 to return to 

25 a position farther away from the wafer 730 and the pol- 
ishing surface ofthe polishing device 740. Alternatively, 
a second window displacement mechanism can be 
used to lower the window 750 away from the polishing 
surface. 

30 [0031] The window displacement mechanism can 
take any number of different forms. By way of example 
only, the window displacement mechanism can employ 
air pressure, water pressure, pressure from mechanical 
attachments, electromagnetic pressure, or any combi- 

35 nation thereof. It is preferred, however, that the window 
displacement mechanism be a fluid platen. Fluid platens 
are described in a patent application titled "Control Of 
Chemical-Mechanical Polishing Rate Across A Wafer 
Surface For A Linear Polisher;" Serial No. 08/638 : 462; 

40 filed April 26, 1996 and in U.S. Patent Nos. 5,558,568 
and 5,593,344, ail of which are hereby incorporated by 
reference. 

[0032] In an alternative embodiment, the window dis- 
placement mechanism is disposed at least partially in 

45 the polishing device. In one such alternative embodi- 
ment (shown in Figure 8) : a window 810 and a flexible 
member 830 comprising a set of current-carrying con- 
ductors 840 are disposed in a polishing device 820. Al- 
though two conductors are shown in Figure 8, it is im- 

50 portant to note that fewer or more conductors can be 
used. A magnet 850 disposed in the polishing device 
820 creates a magnetic field across the set of current 
carrying conductors 840. When current is caused to flow 
through the conductors 840, electromagnetic forces on 

55 the conductors 840 move the flexible member 830 and 
the window 81 0 closer or farther away from the polishing 
surface of the polishing device 820, depending on the 
direction of the current flow. Current can be applied to 
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the conductors 840 from an external source (not shown) 
when the window 810 moves between a wafer and a 
measurement sensor, as detected by a position sensor, 
such as, but not limited to, a Hall-effect sensor, eddy- 
current sensor, optical interrupter acoustic sensor, or 
optical sensor. 

[0033] With the embodiments described above, the 
rest position of the window is away from the polishing 
surface. In an alternative embodiment, the rest position 
of the window is can be in a position closer to the pol- 
ishing surface, and a window displacement mechanism 
can be used to move the window away from the polish- 
ing surface at the appropriate time {e.g., when the win- 
dow is located at a pad-conditioning station). As shown 
in Figures 9 and 1 0, a window displacement mechanism 
900 is disposed on either side of a measurement sensor 
910. The window displacement mechanism 900 can 
comprise any suitable mechanism (such as a vacuum 
or a magnet, for example) to generate a displacement 
force 920. The displacement force 920 draws the win- 
dow 930 away from the polishing surface when the pol- 
ishing device 940 positions the window 930 over the 
window displacement mechanism 900. When the pol- 
ishing device 940 positions the window 930 between the 
wafer (not shown) and the measurement sensor 910 (a 
location in which there is no window displacement 
mechanism 900), the window 930 is allowed to move to 
its rest position closer to the polishing surface, as shown 
in Figure 10. After the polishing device 940 positions the 
window 930 away from the measurement sensor 910 
and again over the window displacement mechanism 
900, the window 930 is again drawn farther away from 
the polishing surface (Figure 9). Such a mechanism 
would be particularly useful to move the window safely 
below the pad cutting surface of the pad conditioner. 
[0034] In yet another alternate embodiment, a first 
displacement force is used to position the window closer 
to (or farther away from) the polishing surface. The win- 
dow remains in this position (even it the window is 
moved into or out of the measurement location) until a 
second displacement force moves the window farther 
way from (or closer to) the polishing surface. In this way, 
the window would act as a flip-flop. 
[0035] The preferred embodiments described above 
can be used in linear, rotating, and orbital polishing de- 
vices. The following is a detailed discussion of a pre- 
ferred linear polishing device. It is important to note that 
the principles described below can be readily adapted 
to rotating and orbital polishing devices. Figure 11 is an 
illustration of a preferred embodiment in which the pol- 
ishing device includes a belt 1120 on a linear polisher 
1100, and the window displacement mechanism in- 
cludes a fluid platen 1155. As shown in this figure, the 
linear polisher 1100 has a wafer carrier 1110 attached 
to a polishing head 1105 that secures the wafer with a 
mechanical retaining means, such as a retainer ring 
and/or a vacuum. It is preferred that a carrier film such 
as that available from Rodel (DF200) be used between 


the wafer and the wafer carrier 1110. The wafer carrier 
1110 rotates the wafer over the belt 1120, which moves 
about first and second rollers 1 1 30 and 1 1 35. The rollers 
1 1 30. 1 1 35 are preferably between about 2 to 40 inches 

5 in diameter. Driving means, such as a motor (not 
shown), rotates the rollers 1130, 1135, causing the belt 
1120 to move in a linear motion with respect to the sur- 
face of the wafer. Preferably, the belt 1120 moves at a 
rate of about 200 to 1000 ft/minute (most preferably 

10 about 400 ft/minute). As used herein, "belt" refers to a 
closed-loop element comprising at least one layer in- 
cluding a layer of polishing material. A discussion of the 
layer(s) of the belt element is developed below. It is pre- 
ferred that the belt 1120 have a width of 13 inches and 

*5 be tensioned with a force of about 600 lbs. 

[0036] As the belt 1120 moves in a linear direction, a 
polishing agent dispensing mechanism 1140 provides 
polishing agent to the belt 1 1 20, preferably at a flow rate 
of about 100 to 300 ml/minute. The polishing agent pref- 

20 erably has a pH of about 1.5 to about 12. One type of 
polishing agent that can be used is Klebesol available 
from Hoechst, although other types of polishing agent 
can be used depending on the application. The polishing 
agent moves under the wafer along with the belt 1120 

25 and may be in partial or complete contact with the wafer 
at any instant in time during the polishing process. A 
conditioner (such as those available from Niabraze Cor- 
poration and TBW Industries, Inc.) can be used to re- 
condition the belt 1 1 20 during use by scratching the belt 

30 1 1 20 to remove polishing agent residue build-up and/or 
pad deformation. 

[0037] The belt 1120 moves between the fluid platen 
1155 and the wafer. It is preferred that the fluid platen 
1155 have an air bearing and have about 1-30 fluid flow 

35 channels. It also is preferred that a pre-wet layer of de- 
ionized water mist be used between the platen 1 1 55 and 
the belt 1120 to prevent blockage of the flow channels 
by any polishing agent that comes underneath the belt 
1120. The fluid platen 1155 provides a supporting plat- 

40 form on the underside of the belt 1 1 20 to ensure that the 
belt 1 1 20 makes sufficient contact with the wafer for uni- 
form polishing. The wafer carrier 1110 presses down- 
ward against the belt 1120 with appropriate force (pref- 
erably about 5 psi) so that the belt 1 1 20 makes sufficient 

45 contact with the wafer for performing CMP. Since the 
belt 1120 is flexible and has a tendency to move down- 
wardly when the wafer presses downwardly onto it, the 
fluid platen 1155 provides a necessary counteracting 
support to this downward force. The fluid platen 1155 

50 can be used to control forces exerted against the under- 
side of the belt 1 1 20. By such fluid flow control, pressure 
variations exerted by the belt 1120 on the wafer can be 
controlled to provide a more uniform polishing rate of 
the wafer. 

55 [0038] The belt 1120 contains a movable window 
1190 as described above. As the belt 1120 moves line- 
arly under the wafer during the CMP process, the mov- 
able window 1190 passes under the wafer carrier 1105 
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and over the fluid platen 1 1 55 and a measurement sen- 
sor 1195. When the window 1190 moves over the fluid 
platen 1155, fluid from the platen 1155 lifts the window 
1190 closer to the polishing surface of the belt 1120, 
preferably so that the window 11 90 is substantially flush 
with the polishing surface. Additionally, when the win- 
dow 1190 is between the wafer and the measurement 
sensor 1195, an optical circuit is completed, and in-situ 
monitoring can be performed. Preferably, a short-dis- 
tance diffuse reflex sensor (such as a Sunx model 
number CX-24 sensor) enables operation of the meas- 
urement sensor 

[0039] As mentioned above, a "belt" comprises at 
least one layer of material, including a layer of polishing 
material. There are several ways in which to construct 
a belt. One way uses a stainless steel belt, which can 
be purchased from Belt Technologies, having a width of 
about 14 inches and a length of about 93.7 inches, inner 
diameter. In addition to stainless steel, a base layer se- 
lected from the group consisting of aramid, cotton, mel- 
al, metal alloys, or polymers can be used. The preferred 
construction of this multi-layered belt is as follows. 
[0040] The stainless steel belt is placed on the set of 
rollers ofthe CMP machine and is put under about 2,000 
lbs of tension. When the stainless steel belt is underten- 
sion, a layer of polishing material, preferably Rodel's IC 
1 000 polishing pad, is placed on the tensioned stainless 
steel belt. The subassembly is them removed from the 
rollers and an underpad, preferably made of PVC, is at- 
tached to the underside of the stainless steel belt with 
an adhesive capable of withstanding the conditions of 
the CMP process. The constructed belt preferably will 
have a total thickness of about 90 mils: about 50 mils of 
which is the layer of polishing material, about 20 mils of 
which is the stainless steel belt, and about 20 mils of 
which is the PVC underpad. 

[0041] The above-described construction requires 
technicians and time to place the pad on the stainless 
steel belt. As an alternative, the belt can be formed as 
one integrated component as described in a patent ap- 
plication titled "Integrated Pad and Belt for Chemical 
Mechanical Polishing, ■ Serial No. 08/800,373, filed Feb- 
ruary 14, 1997, hereby incorporated by reference. This 
belt is formed around a woven Kevlar fabric. It has been 
found that a 16/3 Kevlar, 1500 Denier fill and a 16/2 cot- 
ton, 650 Denier warp provide the best weave character- 
istics. As is well known in the art, "fill" is yarn in the ten- 
sion-bearing direction, and "warp'' is yarn in the direction 
perpendicular to the tension bearing direction. "Denier" 
defines the density and diameter of the mono-filament. 
The first number represents the number of twists per 
inch, and the second number refers to the number of 
filaments that are twisted in an inch. 
[0042] The woven fabric is placed in a mold that pref- 
erably has the same dimensions as the stainless steel 
belt described above. A clear urethane resin is poured 
into the mold under a vacuum, and the assembly is then 
baked, de-molded, cured, and ground to the desired di- 


mension. The resin may be mixed with fillers or abra- 
sives in order to achieve desired material properties 
and/or polishing characteristics. Since fillers and abra- 
sive particles in the polishing layer may scratch the pol- 

s ished article, it is desired that their average particle size 
be less than about 100 microns. 
[0043] Instead of molding and baking the woven fabric 
with urethane, a layer of polishing material, preferably 
a Rodel IC 1000 polishing pad, can be attached to the 

to woven fabric or the preconstructed belt as it was on the 
stainless steel belt. 

[0044] In any of these belt constructions, fillers and/ 
or abrasive particles (having an average particle size 
preferably less than 100 microns) can be dispersed 
? 5 throughout the polishing layer to enable use of lower 
concentration of abrasive particles in the polishing 
agent. The reduction of abrasive particle concentration 
in the polishing agent leads to substantial cost savings 
(typically, polishing agent costs represent 30-40% of the 

20 total cost of CMP processes). It also leads to a reduction 
in light scattering due to the presence of polishing agent 
particles. This reduces noise in the signal obtained by 
the monitor and helps in getting more accurate and re- 
peatable results. 

25 [0045] The polishing layer also can comprise polish- 
ing agent transport channels. Such polishing agent 
transport channels from a texture or pattern in the form 
of grooves (depressions) etched or molded into the sur- 
face of the polishing layer. These grooves may be, for 

30 example, of rectangular, U-, or V-shape. Typically, these 
channels are less than 40 mils deep and less than 1 mm 
wide at the polishing layer's upper surface. The polish- 
ing agent transport channels are typically arranged in a 
pattern such that they run the length of the polishing sur- 

3$ face. However, they may be arranged in any other pat- 
tern as well. The presence of these channels greatly en- 
hances the transport of polishing agent between the pol- 
ishing layer and wafer This leads to improved polishing 
rates and uniformity across the wafer surface. 

40 [0046] To place a window in a polishing device (includ- 
ing the polishing devices described above), a hole can 
be punched in the polishing device at the desired loca- 
tion to form the opening. Any of the windows described 
above then can be disposed within this opening and af- 

45 fixed to the polishing device. Alternatively, the window 
can be molded in the appropriate shape directly in the 
polishing device at the appropriate location. For exam- 
ple, if the polishing device is a linear belt with a stainless 
steel layer, the urethane resin can be cast in the desired 

50. location in the opening. A casting mold having a mirror- 
finished rubber lining can be placed on both sides of the 
cast window during the curing process. As another ex- 
ample, if the polishing device is a linear belt with a woven 
fabric layer, before placing the woven fabric in the mold, 

55 an opening can be made in the fabric and spacers can 
be positioned in the opening in the desired locations. 
After the baking process described above, the opening 
in the belt would contain the urethane monitoring win- 
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dow at the desired location. 

[0047] As an alternative to placing openings in the pol- 
ishing device, the window can be made integral with the 
polishing device. That is, the polishing device itself can 
be partially or completely made of a material substan- 
tially transparent to light within a selected range of op- 
tical wavelengths. In this alternative, the movable win- 
dow comprises a portion of the integrated polishing de- 
vice that is below the polishing surface. For a linear belt, 
each layer of fabric can be woven with Kevlar or some 
other material so as to provide openings in the fabric, or 
can be constructed with optically clear fiber. Clear ure- 
thane : for example, can then molded be onto the fabric 
in a manner described above. 

[0048] As discussed above, the term "polishing de- 
vice" includes, but is not limited to, polishing devices 
used in linear polishing tools, rotating polishing tools, 
and orbital polishing tools. Linear polishers are de- 
scribed in a patent application titled "Control of Chemi- 
cal-Mechanical Polishing Rale Across A Wafer Surface; 
" Serial No. 08/633,464: filed April 26, 1 996 and in a pat- 
ent application titled "Linear Polisher and Method for 
Semiconductor Wafer Planarization;" Serial No. 
08/759,172; filed December 3, 1996. U.S. Patent No. 
5,433,651 and European Patent Application No. EP 0 
738 561 A1 describe rotating polishers, such as the ro- 
tating polisher 1200 illustrated in Figure 12, that can be 
used for in-situ monitoring. U.S. Patent No. 5,554,064 
teaches the use of orbital polishers. Each of these ref- 
erences is hereby incorporated by reference. Those 
skilled in the art can apply the principles taught above 
in reference to linear polishing tools to rotating and or- 
bital polishing tools. 

[0049] For simplicity, the term "measurement sensor" 
in this specification and the following claims is intended 
broadly to encompass any device that can be used for 
in-situ monitoring of a wafer during CMP processing. 
The widest variety of devices can be used to gather in- 
formation about the state of the wafer being polished. 
These devices include, but are not limited to, a light 
source, interferometer, ellipsometer, beam profile re- 
flectometer, or optical stress generator. By using a 
measurement sensor, the end point of the CMP process 
can be determined by detecting when the last unwanted 
layer has been removed from the wafer or when a spec- 
ified amount of material remains on the wafer. The 
measurement sensor also can be used to determine re- 
moval rate, removal rate variation, and average removal 
rate at any given circumference of a wafer. In response 
to these measurements, polishing parameters (e.g., pol- 
ishing pressure, carrier speed, polishing agent flow) can 
be adjusted. In-situ measurement sensors used with ro- 
tating polishers are described in the U.S. Patent No. 
5,433,651 and European Patent Application No. EP 0 
738 561 A1 . In-situ measurement sensors used with lin- 
ear polishers are described in U.S. Patent Application 
Serial Nos. 08/865,028; 08/863,644; and 08/869,655 
filed on May 28, 1997. Each of these references is here- 


by incorporated by reference. 

[0050] The foregoing detailed description has de- 
scribed only a few of the many forms that this invention 
can take. Of course, many changes and modifications 
s are possible to the preferred embodiments described 
above. For this reason it is intended that this detailed 
description be regarded as an illustration and not as a 
limitation of the invention. It is only the following claims, 
including all equivalents, that are intended to define the 
scope of this invention. 


Claims 

*5 1. A chemical mechanical polishing element compris- 
ing: 


a belt comprising a polishing surface, said belt 
formed in a closed loop; and 
20 a window comprising a first surface and mova- 

bly disposed within said belt to move between 
first and second positions, said first surface be- 
ing closer to said polishing surface in the sec- 
ond position than in the first position. 

25 

2. In a linear chemical mechanical polisher of the type 
comprising: at least two rollers, a belt comprising a 
polishing surface, said belt mounted to extend be- 
tween the rollers such that rotation of the rollers 

30 drives the belt, and a wafer carrier positioned adja- 
cent the belt to press a wafer into contact with the 
belt intermediate the rollers, the improvement com- 
prising: 

a window comprising a first surface and mov- 
35 ably disposed within said belt to move between first 
and second positions, said first surface being closer 
to the polishing surface in the second position than 
in the first positbn, said window positioned to move 
intermittently into alignment with the wafer as the 
<o belt is driven by the rollers. 

3. The invention of claim 1 or 2, wherein said first sur- 
face is substantially flush with said polishing surface 
in the second position. 

45 

4. The invention of claim 1 or 2, further comprising a 
flexible diaphragm coupling said window with said 
belt. 

so 5. The invention of claim 1 or 2, wherein said window 
comprises a single-piece window. 

6. The invention of claim 1 or 2, wherein said window 
comprises a flat-sheet window. 

55 

7. The invention of claim 1 or 2, wherein said window 
comprises a sliding window. 
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8. The invention of claim 1 or 2, wherein said window 
comprises a bellows window. 

9. The invention of claim 1 or 2, wherein said window 

is affixed to said belt. s 

10. The invention of claim 1 or 2, wherein said window 
is integral with said belt. 

11. The invention of claim 1 or 2, wherein said window to 
is molded in said belt. 


19. 


20 


30 


12. The invention of claim 2, further comprising a win- 
dow displacement mechanism operative to move 
said window from the first to the second position. is 

13. The invention of claim 2, further comprising a fluid 
platen operative to move said window from the first 
to the second position. 

14. The invention of claim 2, further comprising a win- 
dow displacement mechanism operative to move 
said window from the second to the first position. 

15. The invention of claim 2, further comprising an in- 25 
situ measuring device coupled with said polisher. 

16. A chemical mechanical polishing element compris- 
ing: 

a rotating platen comprising a polishing sur- 
face; and 

a window comprising a first surface and mova- 
bly disposed within said platen to move be- 
tween first and second positions, said first sur- 35 
face being closer to said polishing surface in 
the second position than in the first position. 

17. In a chemical mechanical polisher of the type com- 
prising: a rotating platen comprising a polishing sur- 40 
face, means for moving the platen along a rotating 
polishing path, and a wafer carrier positioned adja- 
cent the polishing element to press a wafer against 

the polishing surface during a polishing operation; 
the improvement comprising: 45 

a window comprising a first surface and mov- 
ably disposed within said rotating platen to move 
between first and second positions, said first sur- 
face being closer to said polishing surface in the 
second position than in the first position, said win- so 
dow positioned to move intermittently into align- 
ment with the wafer during the polishing operation. 

18. A chemical mechanical polishing element compris- 
ing: 55 

an orbital platen comprising a polishing sur- 
face; and 


a window comprising a first surface and mova- 
bly disposed within said platen to move be- 
tween first position and second positions, said 
first surface being closer to said polishing sur- 
face in the second position than in the first po- 
sition. 

In a chemical mechanical polisher of the type com- 
prising: an orbital platen comprising a polishing sur- 
face, means for moving the platen along an orbital 
polishing path, and a wafer carrier positioned adja- 
cent the platen element to press a wafer against the 
polishing surface during a polishing operation; the 
improvement comprising: 

a window comprising a first surface and mov- 
ably disposed within said platen movable between 
first and second positions, said first surface being 
closer to said polishing surface in the second posi- 
tion than in the first position, said window positioned 
to move intermittently into alignment with the wafer 
during the polishing operation. 

20. The invention of claim 16, 17, 18, or 19, wherein 
said first surface is substantially flush with said pol- 
ishing surface in the second position. 

21 . The invention of claim 1 6, 1 7, 1 8, or 1 9, further com- 
prising a flexible diaphragm coupling said window 
with said platen. 

22. The invention of claim 16, 17, 18, or 19, wherein 
said window comprises a single-piece window. 

23. The invention of claim 16, 17, 18, or 19, wherein 
said window comprises a flat-sheet window. 

24. The invention of claim 16, 17, 18, or 19, wherein 
said window comprises a sliding window. 

25. The invention of claim 16, 17, 18, or 19, wherein 
said window comprises a bellows window. 

26. The invention of claim 16, 17, 18, or 19, wherein 
said window is affixed to said platen. 

27. The invention of claim 16, 17, 18, or 19, wherein 
said window is integral with said platen. 

28. The invention of claim 16, 17, 18, or 19, wherein 
said window is molded in said platen. 

29. The invention of claim 17 or 19, further comprising 
a window displacement mechanism operative to 
move said window from the first to the second po- 
sition. 

30. The invention of claim 17 or 19, further comprising 
a fluid platen operative to move said window from 
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the first to the second position. 

31 . The invention of claim 1 7 or 1 9. further comprising 
a window displacement mechanism operative to 
move said window from the second to the first po- $ 
sition. 

32. The invention of claim 17 or 19. further comprising 
an in-situ measuring device coupled with said pol- 
isher. io 

33. The invention of claim 1 , 2, 16, 17, 18, or 19, where- 
in said first surface is below a pad cutting surface 
of a pad conditioner in the first position. 

15 

34. The invention of claim 1, 2, 16, 17, 18, or 19, where- 
in said first surface of said window comprises a slur- 
ry-phobic material. 

35. A method for in-situ monitoring of a wafer while pol- 20 
ishing the wafer with a polishing device comprising 

a polishing surface, said method comprising the 
steps of: 

(a) providing a polishing device comprising a 2S 
polishing surface and a window, said window 
movably disposed within said polishing device 

to move toward and away from said polishing 
surface; then 

(b) moving said window toward the polishing 30 
surface; then 

(c) performing an in-situ measurement of said 
wafer; and then 

(d) moving said window away from the polish- 
ing surface. 35 
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